Design and Test Results of a 1 MVA Resistive Type Fault Current Limiter  by Keilin, V.E. et al.
 Physics Procedia  36 ( 2012 )  1215 – 1218 
1875-3892  © 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of the Guest Editors. 
doi: 10.1016/j.phpro.2012.06.278 
Superconductivity Centennial Conference 
Design and test results of a 1 MVA resistive type fault current 
limiter
V.E. Keilin, V.V. Lobyntsev*,aM.S. Novikov, S.J. Novikov, V.I. Shcherbakov
Kurchatov Institute, 123182, Kurchatov sq.1, Moscow, Russia. 
Abstract 
The 1 MVA resistive type single phase AC fault current limiter (FCL) was build and successfully tested by capacitors 
battery discharge. FCL rated voltage is 3.5 kV, current 250 Arms. The 240 m of HTS tape (type SF12100 by 
SupePower) was used for FCL production. The FCL consists of 8 bifilar coils each wound onto glass-fiber 70 mm 
diameter tube and connected in series. The HTS tapes were additionally stabilized with Cu laminated highly resistive 
foil. During the tests of separate FCL coils at 380V an excellent limiting performance was observed. Tested FCL coil 
was switched off after 75 ms, the maximum temperature at the HTS tape was less then 230 K, the recovery time was 
about 5 s.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
There is a general opinion that superconducting fault current limiter (SFCL) are one of the most 
perspective applications of HTS in electrical engineering. The integration of SFCL in the electrical grids 
has been discussed in many papers [1,2]. The main impact is to develop SFCL for the high voltage (110-
220 kV) transmission lines. In this area the SFCL advantages compared to order types of current 
limiting devices are indisputable. As to the distribution lines the SFCL feasibility is determined by many 
factors, such as their cost, maintenance expenses, amount of short circuits and how large are the 
associated losses, the decrease of the electrical devices wear, power saving etc. 
It is evident that the SFCL will be first used in such parts of the distribution lines where short circuit 
cases are frequent and lead to large expenses. One of the most perspective places for installation of 
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SFCL are the 27.5 kV AC railway power grid. In contrast to the 6-35 kV industrial grids the short circuit 
events at the railways are much more serious. The deep limitation of the prospective current value leads 
to a considerable prolongation of the lifetime of transformers and switches. From the other hand the 
SFCL recovery times for the railway power grids can be considerably longer (up to 5 s to those for the 
industrial grids). These reasons make the SFCL very attractive for installation in the 27.5 kV AC grid. 
Several years ago at Kurchatov Institute started R&D program of resistive type SFCL based on 2G 
HTS tapes for the 27.5 kV railway. The final goal of the program is to develop, construct and to test in 
real railway power grid conditions the prototype of 27.5 kV, 900 A single phase SFCL. 
The duration of short circuits events in the railway power grids is about 75 ms. It was decided that the 
SFCL prototype must withstand short circuits up to 150 ms, to allow for a possible problems with the 
regular breakers. To check some design and technological solutions during last 1.5 year we developed, 
constructed and prepared to tests a single phase 3.5 kV, 250 A SFCL model 
2. HTS modules of the SFCL model 
The critical current of the 12 mm wide commercially available 2G HTS tapes is about 240÷300 A at 
77 K [3]. For 250 A effective value AC current (amplitude value is 400 A) either HTS tapes with critical 
currents higher than 400 A are necessary, or one must to connect several HTS tapes in parallel. Our 
choice was to modular FCL consist several low voltage modules connected in series. Each module is 
made from stack of two parallel HTS tapes wound in a bifilar manner onto glass-fiber tube 70 mm OD. 
The bifilar layers are electrically separated with 25 Pm kapton thick tape. The superconductor used in 
our SFCL modules was 2G HTS tape (type SF12100) produced by SuperPower (USA). The tape width is 
12 mm, the hastelloy substrate thickness is 100 Pm, the critical currents range is 240-330 A. For a 
successful operation of a resistive type SFCL the longitudinal homogeneity of critical current is of a 
great importance, as a considerable difference of critical currents along the length can be the reason of a 
non-uniform superconductor-to-normal-transition.  
Usually during the short circuit event the value of limited by SFCL prospective current is many times 
higher that the critical one and the n-s transition time of the HTS module does not exceed 3-5 ms. 
However, for any reason n-s transition of SFCL takes places at current values only slightly higher than 
the critical one (this is usual situation in the railway power grid), the transition duration can be longer 
than even 100 ms, that is very dangerous from the standpoint of local overheating and HTS tape 
destruction. Local overheating is also possible at the joints of HTS tapes. To prevent the local 
overheating, SFCL winding was additionally stabilized by copper plated stabilizing tape (18Pm high 
resistive alloy, 2Pm Cu total) placed between two HTS tapes connected in parallel by “face-to-face”.  
       
Fig. 1. Winding process. Fig. 2. Current and voltage before and after the short circuit event.
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Fig. 3. Recovery time measurements. Fig. 4. 3.5 kV, 250A SFCL model.
The HTS modulus were wound as follows: the 1st HTS tape was wound onto the glass-fiber mandrel 
with HTS layer being outside, then the stabilizing tape was wound onto it, and then the 2nd HTS tape was 
wound with HTS layer being inside (Fig. 1). Then the 1st HTS layer was covered with 25 mm thick 
kapton tape. The 2nd HTS layer was wound in a similar manner. The winding was not impregnated. The 
ends of HTS tapes were sold-soldered to the contact copper sectors in the upper and lower parts of the 
glass-fiber mandrels. 
The SFCL model consisted of 8 modules. The HTS tape length for each module (28.8 m) was chosen 
from condition, that HTS maximum temperature must not exceed 230 K during 75 ms long short circuit 
event. These several requirements were motivated by the recovery time requirements (< 5 s) and by 
providing the possibility to withstand somewhat longer (up to 150 ms) short circuits events. The HTS 
module inductance was 0.32 PH. After winding each HTS module was separately tested. Critical current 
measured (both DC and AC) and short circuit tests at 380 V were passed (Fig. 2). The recovery time was 
also measured. 
During the tests the strong current limitation was observed. The short circuit current value plateau was 
practically equal to the nominal one. The prospective current value was also considerably limited. It is 
especially true for the short circuit event with initial current phase close to 900. In the real power grids 
such case is accompanied with high prospective current values. The time decrease of the limited current 
values is evidently explained with the increase of the HTS tape resistance due to its heating.  
To measure the recovery times HTS modulus were subjected to a sequence of short circuits with 
different time interval between them (Fig. 3). For 75 ms long short circuit event the recovery time does 
not exceed 5 s. 
3. 1 MVA SFCL   
As it was already mentioned, the 1 MVA SFCL consist of 8 HTS modulus connected in series (Fig. 
4). The SFCL inductance is 3.9 PH (without current leads) and it is a sum of the inductances of each 
module (0.32u8=0.256 PH) and the inductances of the interconnecting busbars.  
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Fig. 5. Time dependencies of current and voltage during the capacitor discharge test. 
To check the electrical strength of the SFCL insulation it underwent the discharging of the 2740 PF
capacitors battery charged to 4.4 kV. The current and voltage oscillograms of the capacitor discharge test 
were recorded by multichannel measuring system (Fig. 5). These curves were used to calculate the 
discharge time constant (about 20 ms). Maximum temperature of HTS tape occurred to be 120 K. Such 
low value is explained by relatively small energy (26.5 kJ) dissipated in the SFCL during the discharge 
test. One of the most important results is that time constants of the temperature diffusion are short and 
can successfully deal with at least 1 ms duration disturbances.  
4. Conclusion 
8 modulus of the HTS 250 A, 3.5 kV SFCL were constructed and tested. To prevent the HTS 
conductor from local overheating, additional stabilization by copper plated highly resistive foil was used. 
During the tests each SFCL module was subjected to multiple short circuit events. A substantial current 
limitation was achieved. The capacitor battery discharge was used to check the electrical strength of the 1 
MVA SFCL insulation. Now the SFCL prepared for tests simulating its operation in the real power grid. 
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